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List of objectives and description of activities conducted to accomplish each objective:  

Objective 1:  Develop PD resistant table and raisin grape germplasm/varieties with fruit quality equivalent to standards of present day varieties.  

Crosses were carried out to continue introgressing Pierce’s disease (PD) resistance into table and raisin cultivars.  A modified backcross and pedigree breeding system is being used where PD resistant selections are crossed back to various elite table and raisin grape selections and cultivars.  Nineteen seedless crosses were made and embryo rescue procedures used to recover embryos and plants.  These were the first BC3 (93% V. vinifera) F8909-08 V. arizonica families to be made.  Two seeded crosses were also carried out.  Molecular markers continue to be used to identify resistant seedlings from the F8909-08 V. arizonica families.  Hardwood cuttings were taken from fruiting seedlings selected with molecular markers from the F8909-08 BC2 families.  They will be tested in the greenhouse by the pin-prick needle inoculation technique of Hopkins for resistance to Xylella to verify their resistance before they are used in the next backcross.  Hardwood cuttings were also taken from fruiting selections of other PD resistance sources for greenhouse inoculations and resistance tests.  Seedlings that fruited were evaluated for their crop and fruit quality.  Fruit samples of the best were taken to the lab and evaluated using our standard table grape evaluation procedures.  All fruiting seedlings from two V. arizonica families were sampled and evaluated in the laboratory to compare fruit quality between the resistant and susceptible genotypes.  
Objective 2:  Develop molecular markers for Xf/PD resistance in a family (SEUS) other than those from V. arizonica.  

The seedless cross C33-30 X BD5-117 was repeated again this year to increase its family size and aid in the development of additional molecular markers.  BD5-117 has three different sources of PD resistance in its background.  They are V. shuttleworthii, V. aestivalis Ssp. Simpsoni, and a French Hybrid.  The multiple sources of resistance will make it necessary to do mapping to locate the resistant QTLs.  Embryo rescue methods were used to recover embryos and plants to increase the population size to help mapping QTLs.  Fruit was sampled from all mature seedlings and evaluated in the laboratory for berry size, seed/trace size, and the standard table grape fruit characteristics.  Hardwood cuttings were taken of all seedlings in this family and rooted for greenhouse tests to determine resistance.  SSR primers were tested on the parents and resistant and susceptible bulks to determine polymorphism.  The primers showing polymorphism will be tested on all individuals independently.

Summary of major research accomplishments and results for each objective
Objective 1:  
This year the majority of seedless embryo culture crosses concentrated on using the V. arizonica source of resistance and the first BC3 generation (93% V. vinifera) was produced.  Fifteen BC3 and 2 BC2 crosses were made and produced 3,396 berries, 4,459 ovules and 1,840 embryos (37% embryos/ovules) (Table 1).  The percent embryos recovered is twice the amount normally recovered from seedless embryo rescue.  As of 3/5/08, 1,523 plants have been planted to soil in the greenhouse.  One BC1 cross from SEUS source of resistance and one cross to increase the population from a unique source of resistance from V. tiliifolia were also made and included in the above numbers (Table 1).  Two seeded BC1 crosses from SEUS source of resistance were made (Table 2).  Fruit has been harvested and 349 seeds extracted and planted in the greenhouse.  

Ten BC2 families (F89-0908 V. arizonica source of resistance) produced in 2006 and were tested as small plants in the greenhouse with molecular markers linked to the PdR1 locus on chromosome 14 (Table 3).  A total of 765 individuals were tested with SSR markers and 680 showed markers on both sides of the PdR1 region as expected.  Eighty-two percent had either resistant or susceptible bands making selection for resistance effective.  A total of 262 individuals (39% of those showing markers) were resistant and planted to the field from the greenhouse.  The susceptible individuals were discarded.  All families segregated in a 1:1 ratio except for family 06-5552 which had a higher percent of resistant individuals.  The number of seedlings planted in the field in 2007 and source of PD resistance is given in Table 4.  Over ½ of these families had one parent that contributed powdery mildew resistance.  These seedlings were screened in the greenhouse for powdery mildew and those susceptible were discarded before planting to the field.  Greenhouse testing of selected individuals from the BC2 V. arizonica raisin family 04-5554 was completed.  Twenty-nine individuals were tested in the greenhouse.  Four of the susceptible individuals based on molecular markers were tested and had > 6x106 cfu/ml bacteria and >5 PD symptoms, indicating that they were susceptible.  Seventeen of the 18 individuals identified as resistant with markers fell in the resistant class based on the greenhouse test (<250,000 cfu/ml bacteria and <2.8 PD symptom rating).  This gives good confidence in the use of molecular markers for the V. arizonica (F89-0908) source of resistance.  Plants from this family fruited in the field for the first time this year.  Thirteen that were resistant, consisted of 7 seeded, 2 with large aborted seeds, and 4 with small aborted seeds.  This was comparable to the fourteen susceptible which consisted of 10 seeded, 1 with large aborted seeds, and 3 with small aborted seeds.  The mean berry weight for the resistant individuals was 2.11 g compared to 1.96 g for the susceptible individuals.  This shows that progress can be made as fast in developing resistant types with high fruit quality as in susceptible types, and that seedless resistant genotypes can be produced.  This family is 87% V. vinifera and most of the seedlings are neutral in flavor without off flavors.  Seedlings from 2005 crosses have also started to fruit.  In the raisin family 05-5551 (seeded x seedless), all resistant seedlings produced seedless fruit, with 13 having large aborted seeds and 10 with small aborted seed traces.  The susceptible individuals have not yet been analyzed for their seed content.  The 23 resistant individuals were composed of 12 with white fruit and 11 with colored fruit which fits the expected 1:1 ratio.  The average fruit size between the resistant and susceptible individuals was comparable at 1.45 g and 1.48 g respectively.  This also indicates that progress is being made equally in the resistant compared to the susceptible types based on berry size.  Cuttings were taken this fall for testing resistance in greenhouse tests from 61 of the BC2 V. arizonica showing resistant markers and fruit production (resistant male plants were eliminated).
An additional 42 families from 2004 and 2005 plantings consisting of 763 seedlings were evaluated and 114 individuals selected.  They consisted of 4 F1, 11 BC1, 14 BC2 V. arizonica; 35 F1, 43 BC1 SEUS; and 7 BC1 Muscadinia selections.  Samples were harvested and evaluated for cluster size, cluster loosness/tightness, berry size, berry color, seed size, berry firmness, skin thickness, and eating quality.  Thirty-nine were rated for use as parents and 17 good enough to propagate in 2 vine plots.  Cuttings were taken from 87 of the best of these selections for greenhouse testing of their resistance.

Objective 2:

One hundred fifty four mature seedlings are available for studies from the family C33-30 (V. vinifera) X BD5-117 (PD resistant selection from Florida containing resistance from V. shuttleworthii, V. aestivalis Ssp. smallliana and a French Hybrid).  In 2006 the cross was repeated from which 36 plants were planted in the field.  In 2007 the cross was repeated again from which 724 ovules were cultured and produced 241 embryos.  As of 3/5/08, 106 plants have been planted to soil in the greenhouse.  
This summer 117 of the 154 seedlings were evaluated for berry size, seed/trace weight and fruit quality characteristics.  Fifty seven seedlings (49%) were seeded; 45 seedlings (38%) had fruit with large aborted seed traces, 11 seedlings had medium size seed traces and four seedlings had small seed traces.  This is comparable with last year’s results.  Thirty-eight percent of the seedlings had white fruit (without anthocyanin) for both seeded and seedless types.  This is higher that the expected 25%.  The berry size for the seedlings with seeds ranged from 10–15/16” dia. (majority = 13/16”); those with large traces ranged from 9-13/16” dia. (majority =11-12/16” in diameter.  The seedlings with small traces averaged 9-12/16”.  Eating quality was also evaluated and 44 seedlings were rated higher than average quality.  Half of those rated between average and poor eating quality were not ripe.  This is promising from the aspect of increasing fruit quality while retaining PD resistance.  The fruit firmness of the population rated below average being soft to medium-soft.

This year 424 SSR primers were screened against the parents, a resistant bulk of 5 individuals and a susceptible bulk of 5 individuals.  Of these SSR primers, 135 showed polymorphism amongst the resistant and susceptible parents and bulks.  Thirty of these polymorphic SSR primers have been retested against the parents and individuals from the bulks and continue to show polymorphism.  The next step is to test all 154 individuals and parents with the polymorphic SSR markers.
Table 1.  Embryo cultured seedless crosses from 2007 and number plants as of 1/25/08.





reason
#
#
# berries
#
#
plants to


Family
Female
Male
cross
Emasc.
bags
open
ovules
embryos 
greenhouse
source PD

07-5001
Scarlet Royal
04-5012-2
table
2687
4
219
297
192
109
Arizonica BC3

07-5002
C45-25
04-5012-3
table
2997
6
107
117
34
21

Arizonica BC3

07-5003
A38-7
05-5551-39
table
1530
3
169
299
99
71 

Arizonica BC3

07-5004
C49-96
05-5551-62
table
942
2
0
0
0
0

Arizonica BC3

07-5005
C49-96
04-5012-3
table
1018
3
2
2
0
0

Arizonica BC3

07-5006
B48-17
05-5551-26
table
1421
3
94
19
3
2

Arizonica BC3

07-5007
01-5026-20
C56-11
table
♀
7
190
450
87
49

SEUS BC1

07-5008
C33-30
1AC572
table 
♀
5
641
850
261
113

V. tiliifolia F1

07-5051
A49-82
05-5551-110
raisin
3024
6
252
367
78
48 

Arizonica BC3
07-5052
04-5554-8
A63-85
raisin
♀
4
415
657
283
193 

Arizonica BC3

07-5053
A57-27
05-5551-116
raisin
3365
2
74
2
0
0 

Arizonica BC3

07-5054
A50-85
05-5551-109
raisin
3496
8
300
335
63
42 

Arizonica BC3

07-5055
A61-79
04-5554-01
raisin
2097
4
61
63
14
11 

Arizonica BC3

07-5056
A51-21
04-5554-01
raisin
2404
4
82
94
15
9 

Arizonica BC3

07-5057
B82-34
05-5551-30
raisin
1827
4
251
344
59
41 

Arizonica BC3

07-5058
B82-43
05-5551-62
raisin
2029
4
275
350
147
113 

Arizonica BC3

07-5059
A81-138
Summer Musc.
raisin
♀
7
265
450
309
279 

Arizonica BC2

07-5060
A81-138
Selma Pete
raisin
♀
8
338
475
323
259 

Arizonica BC2

07-5061
04-5554-8
A50-33
raisin
♀
7
492
590
221
166

Arizonica BC3
Total




28,837
92
4,411
5,912
2,193
1,523


%







20.5 
37.1
69.4


Table 2.  Seeded X seedless crosses from 2007 and number of seed produced and planted in the greenhouse



#
#
#
# Seed

Family
Female
Male
reason cross
Emasc.
Bags
Seed
planted
Source PD

07 5501
01-5026-15
C56-11
table
1099
3
25
25
BD5-117 BC1

07 5502
01-5026-21
B49-128
table
♀
6
324
324
BD5-117 BC1

Total



1099
9
349
349


Table 3.  Results of molecular testing of 8909-08 BC2 V. arizonica generations made in 2006.

	Family
	Type Cross
	No. Resistanta
	No. Susceptible 
	No. Recombinantsb
	No datac
	Total

	06-5501
	Table
	40
	56
	21
	 7
	124

	06-5502
	Table
	24
	22
	21
	 9
	 76

	06-5503
	Table
	30
	42
	18
	14
	104

	06-5504
	Table
	27
	33
	 9
	8
	 77

	06-5551
	Raisin
	37
	37
	 4
	 5
	 83

	06-5552
	Raisin
	37
	20
	29
	 9
	 95

	06-5553
	Raisin
	50
	59
	15
	13
	137

	06-5554
	Raisin
	 1
	 1
	 0
	 0
	   2

	06-5555
	Raisin
	 0
	 0
	 0
	 2
	   2

	06-5556
	Raisin
	16
	24
	 7
	18
	 65

	Total
	
	262
	294
	124
	85
	765


aResistant = marker on both sides of PdR1 region.

bSusceptible = no markers.

cNo data = genotypes that amplified with one marker, off types and that failed with both markers

Table 4.  Seedlings planted in the field in 2007 from 2006 crosses.



Source of resistance
Breeding Cycle
# Families
# Seedlings

SEUS
F1
5
95
a
SEUS
BC1
2
17
V. arizonica
BC2
10
267
b
Muscadine
F1
1
114

Muscadine
BC1
4
111
a
V. tiliifolia
F1
2
65



aPowdery mildew susceptible were discarded based on greenhouse test.  Only resistant planted in field.
bOnly Pierce’s disease resistant seedlings planted in the field based on molecular markers.
Publications or reports resulting from the project
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Ramming, D. W., M. A. Walker, H. Lin.  2007.  Breeding Pierce’s disease resistant table and raisin grapes and the development of markers for additional sources of resistance. Pierce’s Disease Res. Symp. Proceedings p 271-273. Dec 12-14, 2007 San Diego  
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Presentations on research

National Viticulture Research Conference, presented talk, UC Davis, July 18-20, 2007.

ARS Grape/Wine Industry Workshop presented summary talk, WA, July 23-26, 2007.

North American Grape Breeders Conference, Co-host with Dr. Walker, UC Davis & Parlier, August 20-23, 2007.

Research relevance statement

This project has developed very advanced Pierce’s disease resistant germplasm (BC3 V. arizonica generation).  A BC2 V. arizonica raisin family had all seedless offspring, showing that seedlessness is being combined with resistance.  Molecular marker selection of resistant plants was verified by greenhouse inoculation tests, confirming its effectiveness in the breeding program.  Additional sources of PD resistance has been combined with fruit quality and a number of selections have very small aborted seeds.  Resistant varieties will allow growers to produce table and raisin grapes in PD infested areas without concern for the vector.  
Lay summary of current year’s results

Progress in making additional backcross generations to combine high quality table and raisin grapes with Pierce’s disease (PD) is continuing.  Fifteen crosses consisting of BC3 generations from the V. arizonica PD resistance source were created for the first time.  This means these families have 93% of their genetic background from V. vinifera, which is the source of fruit quality.  From these crosses, 3,536 ovules, 1,208 embryos and 823 plants have been produced.  They will be screened with molecular markers to select the resistant types before planting to the field.  With continued backcrossing, fruit quality and seedlessness is being increased while keeping PD resistance.  Molecular markers developed in Dr. Walker’s laboratory were successfully used to detect BC2 PD resistant individuals at a young seedling stage in the greenhouse.  These results have been verified by greenhouse inoculation tests.  F1 and BC1 populations from other sources of PD resistance have been created to give us a more diversified resistant genetic background.  Pyramiding these sources in the future will make the resistance more sustainable.  In 2007, 114 selections were made from 763 seedlings 2 and 3 years old.  Seventeen of the best are being propagated for additional fruit quality tests.  The BD5-117 F1 family for the development of additional molecular markers associated with PD resistance has been increased with additional crosses.  To date 424 SSR primers have been tested on the parents, and samples of resistant and susceptible individuals.  So far 135 have shown polymorphism.  Greenhouse testing for resistance was started on all mature seedlings in this family.  Their fruit quality was evaluated again this summer.  Four individuals with small aborted seeds (commercially acceptable and smaller than Flame Seedless) were identified.  Their berry size was similar to natural Thompson Seedless.  One selection with undetectable seed traces had fruit over 25 %SS by September 5.  

Status of funds

Funds just received as of the first of February 2007.  Agreements are just being put in place to transfer funds to Dr. Walker for his portion of the research.
Summary and status of intellectual property produced during this research project

None produced to date.
